Abstract. We present an efficient and accurate method for directly calculating single and multiple scattering X-ray absorption fine structure (XAFS) thermal Debye-Waller factors for Fe +2 -porphiryn complexes. The number of multiple scattering Debye-Waller factors on metal porphyrin centers exceeds the number of available parameters that XAFS experimental data can support during fitting with simulated spectra. Using the Density Functional Theory (DFT) under the hybrid functional of X3LYP, phonon normal mode spectrum properties are used to express the mean square variation of the half-scattering path length for a Fe +2 -porphiryn complex as a function of temperature for the most important single and multiple scattering paths of the complex thus virtually eliminating them from the fitting procedure. Modeled calculations are compared with corresponding values obtained from DFT-built and optimized Fe +2 -porphyrin bishistidine structure as well as from experimental XAFS spectra previously reported. An excellent agreement between calculated and reference Debye-Waller factors for Fe +2 -porphyrins is obtained.
INTRODUCTION
X-ray absorption fine structure spectroscopy (XAFS) [1, 2] is a useful tool for probing the environments of metal ions in active sites of metalloproteins and hemoproteins. Structural information is usually obtained by fitting XAFS experimental spectra with simulated FEFF8 [3] spectra of a hypothetical structure. The sample's vibrational properties are incorporated into the XAFS χ(k) amplitude by exponential terms of the form [4] parameters, SS/MS DWFs cannot be determined by fitting experimental XAFS with simulated FEFF8 spectra. The one parameter correlated Debye model [5] is not sufficient to accurately describe the MS DWF for a metalloprotein or hemoprotein active site. DWF calculation has been reported in the past by using Force Field methods (FFM) [6, 7] semiempirical 8 and Density Functional theory (DFT) [9, 10] to calculate either the interatomic string constants or the eigenfrequencies and eigenvector of the compound. For Zn coordinated to histidine, cysteine and carboxylic amino acids (aspartic and glutamic acid) Dimakis and Bunker [9, 10] expressed SS and MS σ j 2 as a direct function of the first shell zinc ionamino acid residue distance and the sample temperature by calculating the vibrational spectrum on a series of small metal-amino acid compounds applicable to active sites of Zn metalloproteins. This approach is accurate and practical; it allows calculation of the DWFs directly without the need for users to perform DFT calculations themselves. In this paper we are applying a similar approach on hemoproteins.
Hemoproeteins are proteins that contain a heme group that a metal ion, typically Fe +2,+3 , is located at the center of the heterocyclic porphyrin (Por) ring. Hemes (Fig 1) can also bind oxygen or amino acid residues.
FIGURE 1. Fe

+2
Por(His) 2 structure. In the porphyrin ring:N (1) are the first shell nitrogen atoms, C (i) the i+1 shell scattering atoms. Hydrogens are omitted for clarity.
Contrary to metalloproteins the metal-porphyrin distance remains mostly "frozen" within a few hundreths of an Å thus to a good approximation the SS and MS σ j 2 can be expressed as simply a function of the sample's temperature. Por(His) 2 molecular structures are built and geometrically optimized by the unrestricted DFT [13] under the non-local hybrid functional of X3LYP [14] and the LACVP* [15] atomic basis set where "*" stands for polarization functions for all atoms but hydrogen and Fe. The X3LYP exchangecorrelation functional is considered an improvement over the well-known B3LYP [16] functional. The LACVP* basis set includes valence and outermost core electrons for Fe. The remaining elements C, O, N and H are treated with the all-electron 6-31G* Pople basis set. For either compound the total charge was taken to be zero and low spin configuration was used. Phonon normal mode spectrum (eigenfrequencies and eigenvectors) of the optimized compounds was used to calculate SS and MS σ 2 . DFT calculations have been employed using the commercial code of Jaguar version 6.0 by Schrödinger Inc. 
RESULTS AND DISCUSSION
CONCLUSION
We have derived temperature dependent polynomial expressions to describe the SS and MS σ 2 of an Fe
+2
Por structure using DFT under the hybrid X3LYP functional and the effective core LACVP* basis sets. We are planning to investigate the effect of the functional/basis set on σ 2 s and extend this method on Fe
+3
Por and metal substituted hemes. 
